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INTRODUCTION
Dittrichia graveolens (L.) Greuter (Asteraceae) is an annual and strongly aromatic plant with a camphor-like smell, reaching a height of 50 cm (Parsons & Cuthbertson, 1992) . It is native to the Mediterranean area with an extension to the Western Atlantic European coast and Middle East (brullo & de MarCo, 2000) . It has been introduced to north-western and Central Europe, North America, South Africa and Australia, where is treated as naturalized or invasive (brownsey et al., 2013a; Király et al., 2014; KoCián, 2015; PliszKo & KoCián, 2017; randall, 2017; atha et al., 2019 and references therein) . In its native range, it occurs mainly in riparian woodlands, on margins of tidal marshes, vernal pools, and alluvial floodplains, whereas in its secondary range, it is usually found on arable and abandoned fields, roadsides, in wasteland, levees and gravel mines (Given, 1984; brullo & de MarCo, 2000; brownsey et al., 2013a; Király et al., 2014) . Moreover, it can be associated with nitrophilous communities of the class Stellarietea mediae (brullo & de MarCo, 2000) . It is also worth to note that D. graveolens can be poisonous to sheep (Philbey & Morton, 2000) and cause contact allergic dermatitis in humans (thonG et al., 2008) .
According to KoCián (2015 and references therein), road transport is one of the most important pathways of introduction and spread of D. graveolens in Central Europe. It has been recorded along the highways in Austria, Germany, Slovenia, the Czech Republic, Slovakia, and Poland (Frajman & Kaligarič, 2009; Király et al., 2014; KoCián, 2014 KoCián, , 2015 PaGitz & leChner-PaGitz, 2015; PliszKo & KoCián, 2017; wróbel & nobis, 2017) . In Poland, the first stand of D. graveolens was found on the roadside verge of the S52 expressway (formerly known as S1) near Ogrodzona, Silesian Province, in 2013 (KoCián, 2015 . A total of eight localities of D. graveolens have been confirmed in Poland so far and they are situated along the highways in the Silesian Province and Lesser Poland Province (PliszKo & KoCián, 2017; wróbel & nobis, 2017 
MATERIALS AND METHODS
Field studies were conducted along the A4 highway in south-western Poland in 2013 and 2018. The stretch of the A4 highway between Legnica-East junction (92 km of A4) and Mysłowice-Brzęczkowice junction (350 km) was investigated. Additional observations were carried out to the west of Legnica, between Krzywa junction (62 km) and Legnica-East junction (92 km). In the above-mentioned years, the whole examined part of the highway was checked twice in both directions, on both sides of the road, more carefully on the left side due to the fact that the plant grew mainly along the middle strip. Since stopping on the highway is generally forbidden, the observations were taken from a car driving at the speed of about 100 km/h. In order to collect herbarium specimens, the car was stopped for a moment in an emergency bay. Moreover, it should be pointed out that D. graveolens has a very characteristic habit and is clearly visible even at high speed; however, it is possible to overlook some individuals. The presence of D. graveolens within the 1-kilometre road sections of the highway was noted, using the kilometre posts. A similar methodology was used by KoCián (2014) . The abundance of D. graveolens was estimated in each section based on a 4-point scale: 0 -no individuals, 1 -low abundance (1 -100 individuals per 1 km), 2 -individuals in small scattered groups (100-500 individuals per 1 km), 3 -numerous individuals distributed uniformly along the roadside verges (more than 500 individuals per 1 km). The approximate rate of spread of D. graveolens was analysed in the stretch of the A4 highway, which was examined both in 2013 and 2018 (258 km between LegnicaEast and the Mysłowice-Brzęczkowice junctions). Dittrichia graveolens was identified using morphological characters provided by brullo & de MarCo (2000) . A map of distribution of the species in Poland was prepared based on the ATPOL cartogram method (Zając, 1978) , where the basic cartogram unit is a square of 10 km side. A map of D. graveolens occurrence along the A4 highway was prepared using the ATPOL grid adapted to GIS (CzerneCKi & jabłońsKa, 2015) . The records of known occurrence of D. graveolens in Poland followed KoCián ( 
RESULTS AND DISCUSSION
In 2013 and 2018, the occurrence of D. graveolens was confirmed within 126 road sections (1-kilo- Table 1 . The abundance of Dittrichia graveolens in 1-kilometre road sections along the A4 highway in the years 2013 and 2018, in south-western Poland. Explanations: --no data on abundance; 0 -no individuals, 1 -low abundance (1-100 individuals per 1 km), 2 -individuals in small scattered groups (100-500 individuals per 1 km), 3 -numerous individuals distributed uniformly along the roadside verges (more than 500 individuals per 1 km) (Fig. 2) . In 2013, the species was found within 63 road sections, which is 24.4% of the examined part of the A4 highway. Analogical values for 2018 were 92 sections and 35.6%. During five years D. graveolens has expanded its range to another 29 sections, which is an increase of 46.0%. Moreover, the increase in abundance was recorded within 50 sections (52.1%), a decrease within 11 sections (11.5%), while within 35 sections (36.5%) it remained unchanged (Table 1). The populations of D. graveolens hitherto reported from Poland are relatively small, ranging from several to several dozen individuals (PliszKo & KoCián, 2017) . In many of the newly recorded localities, the abundance of the population was estimated up to several thousand individuals per kilometre. A total abundance in the examined part of the A4 highway in 2017 was not less than several hundred thousand individuals. Interestingly, the highest abundance of D. graveolens was observed along the oldest part of the A4 highway, which was built in the 1930s, between Krzyżowa (around 50 km) and Wrocław-Bielany (around 150 km) (KalińsKi, 2017 and references therein). The road surface of this part of the highway was renovated in [2002] [2003] [2004] [2005] [2006] . Dittrichia graveolens most likely was established in this area at least a few decades ago. The remaining parts of the A4 highway were put into use much later, mainly in the 1990s and at the beginning of the 21st century, and the species was found there growing only sparsely, in groups of several to several dozen individuals, indicating the initial phase of colonization. The fast spread of D. graveolens along the highways in south-western Poland suggests that this plant is well adapted to roadside conditions. According to brownsey et al. (2013b) , one plant of D. graveolens produces up to 71 000 fruits, which can be dispersed by wind, water, animals, and machinery. The air movement caused by passing vehicles on highways facilitates the seed dispersal along the roadside verges. Moreover, grašič et al. (2016) have evidenced that seeds of D. graveolens are able to germinate and also further develop in a wide range of NaCl concentrations, spanning from 0 to the extreme 10 g NaCl/L (≈ 171 mM NaCl). The above-mentioned degree of salt tolerance explains the presence of D. graveolens on the roadsides of highways, which are often treated with salt to melt snow and ice in winter. Furthermore, D. graveolens can grow on soils contaminated with heavy metals and can accumulate mercury (hiGueras et al., 2003) .
Analysing the history of its spread in Central Europe (Frajman & Kaligarič, 2009; Király et al., 2014; KoCián, 2014 KoCián, , 2015 PaGitz & leChnerPaGitz, 2015; PliszKo & KoCián, 2017; wróbel & nobis, 2017) , presumably D. graveolens has been introduced to Poland from two directions, namely from the German border eastwards along the A4 highway and from the eastern part of the Czech Republic towards Silesia and Lesser Poland, along the S1 expressway. Nonetheless, to confirm the origin of the Polish populations of D. graveolens properly, a genetic study is needed. In conclusion, new data suggest that D. graveolens is fully established in the Polish flora and it should be classified as a potentially invasive species.
